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TECHNIQUE FOR FORMING RESIN-
IMPREGNATED FIBERGLASS SHEETS
USING MULTIPLE RESINS

This 1s a continuation of application Ser. No. 08/716,813,
filed on Sep. 10, 1996, now U.S. Pat. No. 5,780,366.

RELATED APPLICATTONS

application Ser. No. 08/716,814, filed Sep. 10, 1996, for
“Technique for Forming Resm-Impregnated Fiberglass
Sheets” (Atty. Docket No. EN9-96-028).

application Ser. No. 08/716,815, filed Sep. 10, 1996, for

“Technique for Forming Resm-Impregnated Fiberglass

Sheets with Improved Resistance to Pinholing” (Atty.
Docket No. EN9-96-029).

FIELD OF THE INVENTION

This invention relates generally to forming of resin-
impregnated cloth, and more particularly to forming
improved resin-impregnated fiberglass sheets and the result-
ant sheets which are specially adapted for use 1n forming
chip carriers and the like, and which use resins which have
improved adhesion to both glass fibers and metals 1 a
laminate structure.

BACKGROUND OF THE INVENTION

Resin-impregnated fiberglass sheets are commonly used
in the formation of printed circuit boards. The fiberglass
cloth 1s typically impregnated with the selected thermoset
resin which 1s then partially cured and the impregnated cloth
sheared to form what are known as sticker or prepreg sheets.
In order to enhance the adhesion of the resin to the
fiberglass, often a coupling agent, such as a silane, 1s coated
onto the surface of the fiberglass prior to impregnation. The
prepreg sheets are then laid up with sheets of metal such as
copper or copper-invar-copper (CIC) and laminated with
heat and pressure to fully cure the laid-up laminate with the
metal sheets defining ground, power and signal planes. One
of the desirable characteristics of the resimn-impregnated
fiberglass sheets 1s that the resin-impregnation must cover
the fibers of the fiberglass and must be able to be partially
cured to a non-tacky state wherein the sheets can be handled
for the lamination process. This 1s often referred to as a
B-stage, a cure state which allows the sheets to be sufli-
ciently self-supporting to be laid up as a laminate, but not
advanced enough in the state of cure that they are rigid or
non-flowable when heated, and they can be further cured to
a final cure with heat and pressure to form a laminate
structure as 1s well known 1n the art. As indicated above, this
lamination process normally includes the lamination of one
or more sheets of metal, such as copper, CIC or other metal,
to provide necessary ground planes, power planes and signal
planes buried within the laminated circuit board. Also in
conventional practice, openings are formed, either by drill-
ing or other means, through the fully cured laminates which
form the openings for vias or plated through holes where the
connections can be made from one surface of the circuit
board to the other and to the various internal planes within
the laminate as required.

A conventional technique of forming the resin-
impregnated fiberglass sheets 1s to provide a coil of the
fiberglass material and unwind the fiberglass material from
the coil and continuously pass it through a tank containing
the solution of the desired resin in a solvent, and then pass
the coated or impregnated material through a treater tower
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wherein heat 1s applied to drive off the solvent and to
partially cure the resin material by initiating cross-linking,
and then coiling the partially-cured or B staged. material into
a coil. Thereafter, the partially-cured material 1s uncoiled
and cut mnto sheets of the desired length. These sheets,
known as prepreg sheets, are then used in the lamination
process described above.

This prepreg material has long been used for manufac-
turing circuit boards, however, more recently, the same
prepreg material and same laminating techniques that have
been used to form a circuit board have been used to form
chip carriers. A chip carrier 1s basically a small-size version
of a circuit board where the metallurgy and the lay out can
be much finer than on a circuit board. Printed circuit board
reliability tests are defined, e.g., 1 IPC speciiications,
whereas chip carrier tests are defined by JEDEC specifica-
tions which are derived for ceramic carriers and are more
severe tests. In addition, because of the finer geometry of the
metallurgy and the lay-out, chip carriers are more prone to
failure from various failure mechanisms.

In forming laminate structures which include resin
impregnated glass fibers and metal sheets, such as copper, 1n
the laminate, 1t 1s known that certain resins adhere better to
the glass fibers, and certain resins adhere better to the metal.
Thus, there has been a trade-off as to whether to select a
resin for good adhesion to the glass fibers to minimize
defects that can occur because of poor adhesion to glass
fibers, or to select a resin which has better adhesion to the
metal and thus reduce the defects of a laminate structure
caused by delamination of the metal from the resin-
impregnated fiberglass. Indeed, 1n some 1nstances, a com-
promise 1s attempted by mixing two resins, one having better
adhesion to glass fibers and the other having better adhesion
to metal. This results 1n a compromise 1n that neither the
adhesion to the glass fiber nor the adhesion to the metal 1s
optimized; and, moreover, this can cause problems by
requiring the selection of resins that are compatible with
cach other and which can be mixed and will coat properly.
Even when these problems are overcome, there 1s still the
problem that neither the adhesion to the fiberglass nor the
adhesion to the metal 1s optimized.

Therefore, 1t 1s a principal object of the present invention
to provide a resin configuration that optimizes adhesion to
both the glass fibers and the metal 1n a laminate.

SUMMARY OF THE INVENTION

According to the present invention, a method and result-
ant article are provided which optimize the adhesion of resin
to the glass fibers 1n fiberglass cloth impregnated with a resin
and also optimize the adhesion of the impregnated resin to
metal sheets laminated to the resin-impregnated cloth.

The fiberglass 1s treated 1in two or more passes. On the first
pass, the fiberglass 1s impregnated with a first resin which 1s
optimized for adherence to glass fibers and the coated resin
1s partially cured. In a last pass, the fiberglass 1s impregnated
with a second resin, which 1s different from said first resin,
and 1s optimized for bonding to metal. The second resin 1s
then partially cured. The first and second resins are selected
such that they form a bond with each other when cured.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a somewhat schematic representation of an
apparatus for impregnating fiberglass cloth with resin and
partially curing the impregnated fiberglass;

FIG. 2A 1s a very schematic representation of sheets of
partially-cured impregnated resin and copper sheets posi-
tioned to form a laminate core structure;
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FIG. 2B 1s a schematic representation view of a portion of
a raw core formed from sticker sheets and copper sheets;

FIG. 2C 1s a schematic representation of a raw core and
sticker sheets and copper sheets positioned to be laminated
and form a chip carrier;

FIG. 2D 1s a schematic representation of a chip carrier;

FIG. 3 1s a view on an enlarged scale of the portion of
woven fiberglass cloth before coating according to this
mvention;

FIG. 4 1s a sectional view taken substantially along the
plane designated by the line 4—4 of FIG. 3;

FIG. 5 1s a view similar to FIG. 3 after the 1nitial coating
of the fiberglass cloth with a resin and partially cured
according to this invention;

FIG. 6 1s a sectional view taken substantially along the
plane designed by line 6—6 of FIG. 5;

FIG. 7 1a a view similar to FIGS. 3 and 5 after a second

coating of resin has been placed over the first coating of the
fiberglass cloth; and

FIG. 8 1s a sectional view taken substantially along the
plane designated by the line 8—8 of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

Referring now to the drawings, and for the present to FIG.
1, a somewhat schematic representation of coating of the
fiberglass cloth with resin/solvent solution and partially
curing the resin 1s shown. A roll of fiberglass cloth 10 1s
shown which passes over a guide roll 12 into a solution 14
of the desired resin maintained in a selected solvent. (It is to
be understood that the term “solution” 1s used here to
describe the resin in a solvent, whether or not it be a true
solution.) The solution 14 is maintained in a tank 1.6, and the
fiberglass cloth from the roll 10 1s maintained submerged 1n
the tank by a pair of sink rolls 18. The fiberglass from the roll
of fiberglass cloth 10 is passed through the solution 14 into
a treater tower 20. The solution impregnates the fiberglass
cloth 10 with the resin/solvent solution. The amount of resin
on the cloth 1s usually controlled by metering rolls 19.

The treater tower 20) has a series of rolls 24 over which the
fiberglass cloth 10 1s reeved, and the treater tower 20 1is
heated, either by convection or by radiation, such as infrared
radiation or by microwave (not shown), or by some other
mechanism to drive the solvent from the solution and to
partially cure the resin by initiating the cross-linking. The
tower 20 1s divided into several zones 1in which the tem-
perature and the gas flow can be controlled independently.
The exiting material, known as prepreg, now 1s comprised of
glass cloth and partially reacted resin and 1s largely free of
solvent. This state of the material 1s known as a B-stage, and
the amount of curing required for the B-stage 1s well known
in the art. Specifically, this B-staged resin 1s suiliciently
cured to form a sheet of material which has the resin in such
a form that 1t will remain 1n the fiberglass material and 1s
suificiently uncured that it can bond to other similar sheets
of material and to metal sheets and be further cured to a
hardened state upon application of heat and pressure. The
amount of resin applied to the sheet 1s a function of the
nature of the fiberglass cloth 10, as well as the speed of the
travel of the fiberglass cloth 10, setting of the metering rolls
19, the composition of the solution of resin and solvent 14,
and various physical parameters such as the temperature,
viscosity and other well known factors of the solution.
Likewise, the amount of cure 1s a function of the temperature
of the tower, the amount of solution and resin applied to the
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fiberglass cloth, the composition of the solution and the
composition of the resin, all of which also are well known
in the art. The fiberglass cloth 10 as 1t emerges from the
treater tower 20 1n the B-stage state 1s wound 1nto a coil of
partially-cured material 26.

In conventional practice, a single pass of the fiberglass
cloth 10 through the solution 14 and the treater tower 20 1s
used. The partially-cured fiberglass 1s then ready to be
uncolled and cut into sheets often referred to as prepreg
sheets for forming a laminated structure.

In order to form a chip carrier or a circuit board, alternate
layers of B-stage cured prepreg sheets and sheets of con-
ductive material such as copper or copper-invar-copper
(CIC) as shown in FIG. 2A are laminated together. In one
typical lamination process, one or more, and conventionally
two, sheets of prepreg 30a, 30b are laminated between two
sheets of copper or CIC 31a, 31b using heat and pressure to
form a raw core 32 (FIG. 2B). Because of the heat and
pressure, the two sheets of prepreg 30a, 30b bond together
to form an essentially continuous or single layer, and bond
to the two sheets of CIC 31a and 31b. The sheets of prepreg
30a, 30bare essentially fully cured as shown 1 FIG. 2B with

a dotted line indicating their interface.

This raw core can, in the simplest embodiment, be cir-
cuitized to form a chip carrier or circuit board. Using
photolithographic and drilling techniques, the sheets 31a
and 31b are circuitized to form the desired circuitry on both
sides of the prepreg sheets 30aand 30b and plated through
holes formed where needed.

In other embodiments, the core 32 1s used to form buried
planes such as ground planes and power planes, or even
signal planes. As shown 1n FIG. 2C, two additional sheets of
prepreg 33a and 33b are laminated to sheet 31a and to a
sheet of copper 34a and two additional sheets of prepreg 33c
and 334 are laminated to sheet 315 and sheet of copper 34b
and essentially fully cured by heat and pressure. These
sheets, ready for lamination, are shown 1n FIG. 2C. Copper
sheets 34a and 34b are used to form circuit traces 35a and
35b by subtractive etching. Plated through holes 35¢ are
formed 1n a conventional manner as shown in FIG. 2D.
These raw cores and completed circuit boards or chip
carriers are well known 1n the art as are the various tech-

niques for forming them, and thus they are only brieily
described.

As described above, when a resin 1s chosen for
impregnation, 1t i1s either optimized for adhesion to glass
fibers or optimized for adhesion to metal, or, 1n some
mstances as indicated, mixtures of resins can be used which
will provide a compromise in which the resin 1s not opti-
mized for either but 1s somewhere 1n between.

According to the present invention, a resin system 1s
provided wherein resins are applied in a multiple pass
process which 1n 1its simplest form 1s a two pass process. In
the first pass, the fiberglass 1s impregnated with a resin
which 1s optimized for adhesion to glass fibers and partially
cured. The amount of resin impregnated 1s less than the total
loading that 1s to be the final desired amount. This 1s shown

schematically in FIGS. 3-6.

FIGS. 3 and 4 show a small section of woven fiberglass
cloth before coating. The cloth has woof fibers 36 and warp
fibers 38 which are woven 1n a conventional manner to form
interstices or windows 40. The glass may have adhesion-
promoting coating such as a silane (not shown) coated
thereon prior to impregnation. After the first pass and partial
cure, the resin material forms a coating 42 of partially-cured
resin over the fibers 36 and 38 and, 1n some 1nstances,
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bridging over the interstices or windows 44. It 1s not critical
to have significant and substantial coverage of all the
windows during this first pass, although substantial coverage
of the windows may occur. The only critical requirement 1s
that the glass fibers be covered with resin during the first
pass which 1s optimized for adhesion to the {fiberglass.
Resins containing bismaleimide triazine (BT) are well suited
for adhesion to glass fibers. Significant pin holes 43, as
shown 1n FIGS. 5 and 6, can be present without detrimental
effect. The resin must be sufficiently cured during the first
pass that 1t will not redissolve 1n the resin solution of the
second pass.

The fiberglass, coated and partially cured 1n the first pass,
1s left in coil form and 1s then given a second pass through
a solution 14 of a resin. However, the resin in the second
solution 1s selected to optimize adhesion to metal. Of course,
the resin of the second solution must also adhere to and bond
with the partially cured resin coating 42 and not cause 1t to
dissolve 1n the solvent/resin solution of the second pass. The
resin solution during the second pass coats over the entire
coating 42 to form an outer or second coating 44. Since the
fiberglass cloth on the second pass also passes through the
treater tower 20, the outer coating 1s partially cured to a
B-stage cure, while the heat advances the cure of the inner
coating 42, but which coating 42 1s not fully cured. The
second coating 44 forms a bond with the coating 42 during
the partial cure. This condition 1s shown 1n FIGS. 7 and 8.
The 1nterface between the coating 42 and coating 44 must be
a strong bond to prevent delamination and, by the proper
selection of resins, this strong bonding can be accomplished.
Epoxy resins provide a good interface to copper and other
metals, and therefore an epoxy resin 1s a good selection for
the second coating.

It should be understood that the second coating procedure
could be performed on a second coating line 1n a continuous
manner following the emergence of the partially cured cloth
from the treater tower 20 after the first coating, thus obvi-
ating the necessity of colling and recoating in the same line.

After the second coating process wherein the outer coat-
ing 44 1s applied and partially cured, the sheets are then cut
and are laminated 1n a conventional manner as previously
described for raw cores and/or chip carriers and/or circuit
boards. Further heating during the lamination process fin-
1shes the bonding process of the outer coating 44 to the 1inner
coating 42, making a strong adherent structure.

The following Table I 1s an example of a procedure and
parameters using particular resin systems 1n each pass to
form a roll of epoxy fiberglass 1impregnated utilizing two
passes with two different resins according to the present
invention.

TABLE

GRADE 1080 FIBERGLASS CLOTH"Y

Single Pass Two Passes

Prior Art First Pass Second Pass
Treated weight® 9.9 5.5 9.9
Resin Content 59.6CG2 27.0GD 59.6(39)
Flow® 25-30 N/A 20-25
% Fully Cured®™ 25-45 60—70 mixed
Line Speed(® 9-13 2—4 9-13
M/Min.
Resin SpG.(" 1.1 1.1 1.1
Gr/CC
Resin Solids® 65% 65% 65%
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TABILE-continued

Catalyst Level® (PHR) 0.13 0.03 0.13
Meter Roll Gapt'® (um 180-230 180-230 180230
Meter Roll 2.5 2.5 2.5
Speed™ (M/Min)

Oven temps(u):

Zone #1 (° C.) 110 110 110
Zone #2 (° C.) 115 145 115
Zone #3 (° C.) 160 165 160
Zone #4 (° C.) 175 175 175
Zone #5 (© C.) 175 175 175
Zone #6 (© C.) 160 175 160
Air Velocity!® 6 6 6
(M/min.)

Residence Time''® 2.5 11.0 2.5
(min.)

(11080 is a standard industry grade description of glass fiber cloth having
a given fiber size and weave and has a weight of 1.45 gram/yd.”

(PThe weight of 128 square inch piece of cloth after resin impregnation.
G)The percent of resin in the treated cloth. The preferred resin is Ciba-
Geigy’s XU8213, which 1s contained in a solvent which 1s preferably
methyl ethyl ketone.

GP)First pass resin - BT epoxy - Varnish formulation:

Difunctional epoxy (Ciba 9302) 47.7%
BT blend (Mitsubishi 2060) 40.2%
Solvent (Methyl Ethyl Ketone) 7.3%
Yellow epoxy (Shell 1030) 4.7%
Catylist (PHR) (Zinc Octanoate) .03%

(39Second pass resin - Ciba-Geigy high Tg epoxy - formulation:

Multifunctional epoxy (Ciba 8213) 90.3%
Solvent (Methyl Ethyl Ketone) 9.7%
Catylist (PHR) (2-Methyl Imidazole) 13%

(DA flow is measured by cutting eight 4" x 4" pieces of cloth

after curing, and pressing them together. The amount of resin pressed out
1s expressed as a percent of the total resin content.

(O)The percent fully cured of the resin as measured by flaking pieces of
resin off of the cured cloth and determining the percent cure. In the case

of

the percent cured after the second pass, since there 1s a mixed cure of the
first and second resin, this 1s an estimate.

(9The speed of the cloth as it is driven through the resin solution and

the treater tower.

("Resin specific gravity.

(®)Resin solids is the percent of resin in the solvent. The preferred solvent
18 given.

)The level of the catlyst, which in the preferred embodiment is 2-methyl-
imidazol 1n parts per 100 parts of resin.

(19The gap between the meter rolls.

(IDThe meter roll speed in meters per minute.

(12)The oven temperature of the various zones in the treater tower.

(I3)The velocity of the air flowing in the treater tower.

(ADThe time the impregnated cloth is in the treater tower.

As can be seen from the table above, many of the
parameters are the same for both the first pass and the second
pass 1n the present invention. Also, many of the parameters
are the same for the second pass of the present invention and
the prior art single pass. The main differences are in the line
speed and the temperatures of the oven zones on the first
pass as compared to the prior art single pass technique. The
line speed 1s significantly slowed down, and the oven
temperatures changed 1 some of the zones. The slowing
down of the line speed results 1n less resin being 1impreg-
nated into the cloth than at a faster line speed. This is
because during the slow line speed on the vertical run of the
cloth as 1t 1s coming out of the resin solution, it has more
time to drain and, thus, more of the resin which has been

coated onto 1t drains off back i1nto the solution 14 of the

resin. The temperature changes 1n the oven, coupled with the
slower speed results in a more complete cure of the first pass
resin than 1s achieved with the prior art single pass tech-
nique; 1.€., 1n the prior art single pass technique, the cure for
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B-stage 1s 20-45%, whereas after the first pass of the two
pass technique according to the present invention, there 1s
about a 60% complete cure. This additional cure 1s desired
to 1nsure that, during the second pass of the present
invention, the resin deposited on the first pass and partially
cured does not redissolve, but rather remains as a base on
which the second pass resin 1s deposited. Thus, the slower
speed and higher temperatures 1n certain zones of the oven
result in a more fully cured resin, coating essentially the
fibers and significant amount of the interstices which are
then covered and fully filled 1 during the second pass
wherein the parameters are preferably about the same as the
parameters for a single pass technique. Other modifications
such as change 1n viscosity, change 1n percentage of resin,
etc., can be used to vary the coating weight.

It should be understood that the particular table of param-
cters 1s merely 1illustrative and that these can be varied
significantly to obtain the desired results. For example, other
cloth styles could be used. Typically, these cloths can
mnclude Grade 106, 2116 or 7628, as well as others which are
suitable for resin impregnation. In addition, other cloths
based on quartz, s-glass or organic fibers can be used. With
these other types of cloth, the parameters or conditions of
coating on the two passes are modified to obtain the desired
results. Also, other resins can be used, as was explained
above, which would cause the conditions to be changed, all
of which 1s well-known 1n the art.

Other parameters offering faster through-put are possible,
including using resins with lower solids contents, higher
catalyst levels and higher oven temperatures. The use of
lower solids 1s advantageous for the first pass coating as the
lower solids help to improve fiber wet out.

The concept of two pass impregnation using different
resin chemistries 1s incorporated to address a number of
different problems depending on the composition and prop-
erties of the various applied resins.

The first pass coating component, which can be 1mpreg-
nated with heat- and/or light-curable resins, provides well-
balanced properties, such as heat dimensional stability, heat
or soldering resistance, moisture resistance, electrical nsu-

First pass resin
compositions

Bismaleimide-Triazine,
BT-2060B (70% solids)
Bismaleimide-Triazine,
BT-2110 (70% solids)
Difunctional epoxy,
Araldite 8011 (72% solids)
Diglycidyl ether of
bisphenol A, Epon 828
Cresol Novolac,
ECN-1280 or ECN-199

Tetratunctional epoxy
(Shell 1031 - 80% solids)
Cyanate Ester, Arocy F-405
(75% solids)

Cyanate Ester, Arocy
B-40S (75% solids)
Cyanate Ester, REX-379
(72% solids)

Solvent, Methyl Ethyl
Ketone

Zine Octanoate (18% Zinc)
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lating properties and mechanical properties which are par-
ticularly usetul for the construction of chip carriers and
circuit boards.

In an exemplary fashion, bismaleimide-triazine (BT), as
well as bismaleimide-triazine epoxy blends provide superior
adhesion to glass and good resistance to conductive filament
formation. These properties are 1mportant to the long term
reliability of circuit boards, as well as chip carriers. In a
similar way, the high glass transition temperature cyanate
esters, 1n combination with other lower glass transition
temperature cyanate esters, as well as epoxy resins normally
used to modity their properties, applied onto the glass cloth
as the first coating, provide superior insulation resistance to
wet thermal repetitive exposure, improved adhesion to the
oglass and good protection to the glass resin interface. In
addition, superior retention of strength 1s believed to be
achieved at high temperatures and high moisture environ-
ments. By using such resin combinations, it 1s believed that
the glass to resin interface remains intact and maintains its
insulative properties upon various modes of thermocycling.

Subsequent to the first pass, the second pass impregnation
1s accomplished by utilizing specially tailored epoxy based
formulations that provide compatibility to the first pass
impregnation materials, good electrical characteristics,
resistance to moisture and also provide exceptional adhesion
to copper or other metals. The second pass coating of epoxy
constitutes the majority of the volume of the composite, thus
the composite material exhibits much better drilling prop-
erties than would a pure bismaleimide-triazine-epoxy glass
cloth laminate. A cost reduction 1s also achieved from such
constructions. An additional benefit of the subject mnvention
1s that when the first pass impregnation material 1s over-
coated with the hydrophobic in nature epoxy based
composition, for example (Araldite 8213), moisture induced
defects such as “measles” and delamination can be pre-
vented.

Table II below describes various resins and combinations
of resins which can be used for the first pass and second pass
coatings. This listing 1s not exhaustive, but only illustrative,
and other resins and combinations can also be used. These,
however, are the preferred resins and combinations.

TABLE 11

B C D E F G H [ J K

90.3 40.2  37.6

90.7

36.6 37.6  39.7 537 37.3

13.3

10.1

4.7 4.7

40.5

90.3 49.8 325 36.6 483

57.8

9.7 9.7 93 7.3 9.4 9.7 9.7 9.7 9.7 9.0

0.03 0.03 0.04 0.025 093 0.05 0.03 003 0.03 0.02
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TABLE II-continued

Compositions for second pass impregnation L

Multifunctional epoxy, 90.3
Araldite 8213 (75% solids)
Difunctional Epoxy

Araldite 9302 (72% solids)
Diglycidylether of
tetrabromobisphenal; A,
Araldite 8011 (72% solids)
Cresol Novolac, Araldite 1280
Hardener, Dicyandiamide
Solvent, Methyl Ethyl Ketone
Catalyst, 2-Methyl Imidazole

9.7
0.13

An additional application of the subject invention allows
slightly modified formulations of the same resin to be used
for first and second pass impregnation to gain other benefi-
cial effects.

A base epoxy can be modified with the addition of small
amounts of diluents known to give beneficial effects when
present 1n close proximity to the glass cloth.

Examples are:

1. Silanes and the like for improved adhesion between
glass and resin.

2. Ion scavengers, €.g., benzotriazole for Cu, terfiary
amines for Cu and chlorides, etc., to prevent CAF formation.

3. Tougheners, ¢.g. for reduction of drill fracture and fiber
plateback; e.g., PSF-TB from National Starch and Chemical
Co., BIS-AF-PSE, also from National Starch and Chemical
Co.

4. Surfactants and/or wetting agents, €.g. BYK A525 or
BYK A555 or BYK W90, all from BYK Chemie, USA, for
better resin wetting of the glass cloth and reduced laminate

striations.

However, many of the additives which give the specific
benelits above are also known to have various detrimental
elfects when added to the bulk composite resin. These effects
include reduced glass transition temperature, degradation of
clectrical properties and icreased bulk moisture absorption.
Thus, addition of these materials only 1n the amounts and
location where they are needed 1s advantageous.

Additionally, the same can be done for the second pass
epoxy which may be adhered to copper (or some other
metal), or organic laminate of the same or different compo-
sition:

1. Adhesion promoters such as silane block copolymers;

2. Copper adhesion promoters, €.2. N-(2-aminoethyl-3-
amino propyl) trimethoxy silane or trimethoxysilylpropyl-
diethylenetriami

3. Reactive coupling agents to improve adhesion to what-
ever the adjacent material will be, e.g., trimethoxystyryl
silane.

The 1nvention has been described as used with woven
olass fiber; however, non-woven fiberglass fabric can also be
used even though the interstices are not as pronounced as in
woven fabric.

The mvention, while particularly useful for forming chip
carriers where the test requirements are stringent,
nevertheless, can be used 1n forming circuit boards 1f the
testing requirements and use condition indicate this addi-
fional cost 1s justified.

The 1nvention 1s not limited to two passes or two mate-
rials. This concept 1s extendable to multiple passes to allow
a gradual transition 1n properties to optimize performance as
required.
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Accordingly, the preferred embodiments of the present
invention have been described. With the foregoing descrip-
tion 1n mind, however, 1t 1s understood that this description
1s made only by way of example, that the mnvention 1s not
limited to the particular embodiments described herein, and
that various rearrangements, modifications, and substitu-
tions may be implemented without departing from the true
spirit of the invention as hereinafter claimed.

What 1s claimed 1s:

1. A method of forming a layer of resin-impregnated
fiberglass cloth comprising the steps of;

providing a sheet of fiberglass cloth having fiber strands
therein separated by openings;

providing a first resin/solvent mixture wherein said resin
1s a thermosetting resin which can be partially cured
and thereafter tully cured, and which first resin 1n the
partially-cured state during further curing will form an
integral bond with a layer of second resin thereon
during curing of said second resin;

coating said sheet of fiberglass cloth with said first resin/
solvent mixture to coat essentially all of the strands
with said first resin/solvent mixture filling some but not
all of the openings,

™

partially curing said first resin on said strands sufficiently
beyond B stage cure so that 1t will not dissolve a
subsequent coating of a second thermosetting resin,

providing a second resin 1 a resin/solvent mixture
wherein said second resin 1s a different resin from the

resin of said first resin/solvent mixture,

coating said sheet of fiberglass having the partially cured
resin therein with said second resin/solvent mixture to
cover said coated strands and to fill essentially all said
spaces between said strands with said second resin/
solvent mixture;

said first coating having better adhesion to cloth fibers
than said second coating, and said second coating
having better adhesion to metal than said first coating;
and

partially curing said resin of said second resin/solvent
mixture to a B stage cure and further curing said resin
of said first resin/solvent mixture to provide a coated
sheet with a transition zone between said first and
second coatings that 1s smooth substantially continuous
with crosslinking between said first and second coat-
ings providing an essenftially continuous polymer of
two layers,

whereby an essentially non-porous, partially-cured, resin-
impregnated sheet of cloth, essentially free of pinholes,
1s provided which has a composite resin coating com-
prising at least two resins.
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2. The mvention as defined 1n claim 1 wherein said first
resin 1s at least 60% cured.

3. The mvention as defined 1n claim 1 wherein each said
resin for said first pass 1s selected from epoxies and bisma-
leimide triazine, or mixtures thereof and polyimides, cyanate
esters, and mixtures of cyanate esters and epoxies, and said
resin for said second pass 1s an epoxy or a mixture of
€pOXIES.

4. The 1invention as defined 1n claim 1 wherein the cloth
1s woven cloth.

12

5. The invention as defined in claim 1 wherein the cloth
1s selected from fiberglass, s-glass, quartz and organic fibers.

6. The invention as defined 1n claim S5 wherein the cloth
1s fiberglass.

7. The invention as defined 1in claim 1 wherein said first
resin 1s a mixture of epoxy and bismaleimide triazine.

8. The invention as defined 1in claim 1 wherein said second
resin 1S an €poxy.
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